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ABSTRACT 

Research' developmcmts in l^art\lng, theory over- the - 
past tXttj y«ar» have led to principles of behavior which have been 
shown, in iflnumeraljle applied settings to be valuable in analysing and 
lodifying hiyan behavior, When applied to flying traiiiing using 
«i»ulator«r '^h^e pEiiiciples sugqe^^ .that a significapt contribution 
teould be ftad* in inprovincj the way in which instructor pilots tench \ 
new students" via sore effective iise slauXfttor functions* In 
addition r flying skills could probably be acquired more readily if 
tasKi were presented in a sore systematic sannerr -taking the 
principles of learning into account, when the . simulator is 
conceptualized as serely an inferior copy of «in aircraft, its 
potential as a teaching device (perhaps -^superior to the actuftl plan, 
in this regard) is likely to be' over! oO/ked, Thus, a behavioral 
analysts of opiiimal conditions of learning would »ake a isajor • 
contribation to both the design and-, use of ci^rrent' and futute flight 
sisuXators* (This report describes the basic principles of behavior 
and attemptj^f. to relate th^n to the task of improving flying ' 
trainiag^), (Author/BH) / 
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apphcalion ol training !cclnM)loj>y 
bcliavuual analysis 

pilot iraining " ^ 
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\ Jkcscarch tlcvolopinenK m Icarninp. Ihciuy over the pas( 50 years luivc led tu principles ol behavior which have 
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applied to \]y\u\i, training using sininjalors, these principles sugiiest that a signiricanl eontiibutivMi c(udd be niade in 
ini)mn'in^ the way in which Inslrycitir Pilots teach new students via more ofrective use «!' snntilattn functions. In 
u^/ditioij. \^y\\^^ skills could pi(»babty be acquijcd more readily.il tasks were presented m a nune systeniatic nianner, 
• tMkuii). the' principles ol learnn\ti into accoun;. When Iho simulator is conceptualized as nicvely''i|in itilorior copy ol an 
/ircialt. Us potential as a teachiui* device (pefbapn superior to the act^^ml pUuie. in llns /t^^iul) is likely to he 

ol" learning would make a major ewtribv 



n>verlooked. Thus,^a behavioral analysis ol optimal conditions of learniiigj 
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PRIiFACE 



This technical report wa$ prepared during Dr, Bailey's participation In the 
l^7y USAF-ASKE Summer Faculty Research Program, sponsored by the Air Force 
Oltlcc of Scientific ^Research, This report was ^preparcd under Work Unit 
1 1 230234, Advanced Instrirctlonal Features and Mothod$ In ASPT. The work unit 
supports Project 1 123, Flying Training Development, Task 02, Instructional 
Innovations \x\ Flying. Training, This effort further supports Air Force Humait 
Resources Laboratory Technical Planning Objective G03, Specific Gbal 2, Training 
Methods and Media, • ' . 
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^ APPllin BI-HaViOR ANUivSlS IN riYlNf", TRAININC RrSi ARCII 



I, ^^n^R()DUCTl(>N / r 

Psychology has cinergcd in jhc last tev< ilecadcs as tho& science of huinim be!\avior with not 
only tf welj loundcd ihcckcttcal base (Skumer, 3*^53, 1^)6^?) but also with a reliable technology,^ 
(Avilon & A/rtn, Bandura. 1^>^^). H^slcs , U)?t)V capable ol making slgnillcatit coat ribulions 

to 'the culture. T)\is technology of behavior change appears well-suited tu appUcd problems such as 
tlymg traunng since it Is predicated on an analysis o( behavjor which considers learning to be' a 
signiPicani lactbr - A cohestve theory .Or model oT learning in Hying training aiid a technology 
capable of m\proving^tl\e actjuisitior^ ol Hying skills would appear to be a* natural outcome as 
sophisticated behavioral 'icclmiipies are' applied to an .nnportant applied problem. Wlien the 
acquisition o! Hying skills occurs largely at 1 5.000* lee t, the process may be difHcult to observe 
and theielorc analy/e. but the advent ol Highl simulators; where conditions ol"-learning carv be pot 
ontv obseiW\l but alsv) manipulated directly, now permits ocperimemal research on the Varning 
pfoces^ [o take place. Tins merging ol * behaviora! psych{)logy and problems of Hying draining 
represents an exciting .new area of applied research which should benefit both areas> 

■> 

^ - • n. APPLirO BlHAVlOR ANALYSIS 

^ <^)nc lanly recent^ spinolT ol 50 yeais ol research in learmng theory has been a Held of 
psvcho|og\ )n which basic principles ol hehayior derived I'rom the laboratory are applied to 
problems of human behavior (Baei. Risley, & Wolf, 1^)68, Ka/din', 1^)78). Termed ^'Applied 
Hch;\vu)r ' Analysts ' • tins Held has made sighiHcant contributions to^ rehabilitation, mental^, 
leiardatUMi. clmcal psychology, deli^i|uency . t;i>mmuruty psychology, and a variety of related 
humaii ^icrvice^ speci;ihies tK;u.din, 1^)75). The .cotuributions hayc been niade po5.sible by advances 
in conceptual and methodological spheres 'and liave allowed lor the ^emergence of a technology of 
behaviot change (olten referred to as behavior rhodiHcation) which promotes improvements in 
human learmng through an -analysis of the cont^igc'ncies surroundinji '"a person's actions (Skinner, 
PJ53. I^.68> 1^6^). DeHcits in behavior are often found to be due Mo inadequate antecedents to 
prompt • behaviA)r. lack ol reinforcement lor behavior which does occur, or for a variety of 
injOrrekMcd reasons traceable to an environmci>{ incapable of supporting the desired behavior 
(Bailey, in press; Martin- & Pear, !^>7H). . ' 

While tlie most obvious cxanjples of the contribution of applied behavior analysis may be 
-seen- in clit\icatly related ficldy. advances in the analysis of the eduj;atiohol process have also been 
made (Keller, !^(^8: Miller & Weaver. 1^76, Skinner, 1^)68). Here, the approach has brought the 
principles of behavior to bear on the problems of understanding .what Is necessary to establish and 
maintain new repertoires. (This approach Itas much iti coimhon with concurrent developments in 
instructional technology but appcun to have evolved independently.) With the precedent s^Jt for 
the applicability of behavior analysis to so mffHy varied educatiiii^a! areas (ratiglng fnoui prc-scl¥^>ls 
to, elementary ctassrtioms (o cx)llcg<* instruction), the extensk)n to an analysis of Hying traufm^s^ 
seems predictable * ' y , 



HI. BASIC VRlNCiriliS 01 Br.HAyiOR 

Hie .bask principles of behavior presented here represent tlie rcslilts ol many years ol basic 
and applied research. (The interested . reader is^ referred lo the Journal of the l-xtKrimaml Anal^vsis 



oj Behavior and the Journal oj Applied M<^haviot Amlyiis lor prin^ary sources of this research.) As 
mentioned earlier, most ot the upplicvi work *has been carried out in health or education related 
arca^ (e^.. Bostow & Utailey. twata. Bailey. Dri>vn, Foshee. & Alpern. 1^)76. Johnson & 

Bailey. ls)74). and httle direct work in ntUitary training' is available for citation. For pm^oses of 
exposition, an attempt will be made to .relate each ol the basic principles to rlie topic of flyiug 
training. . ^ V_/ , , 

' . . . ' ' ^ ' 'I 

Retn/ort'<'merU Perhaps the. most widely recognized principle in the behavioral framework is 
that of reinforccmeny^This prmcipic stresses, the importance of the, consequences of behavior, in 
particular 'positive^ consequences vvhich follow (i.e./ are contlngent\upon) a certain action or 
response and which, strengthen or n)ake the behavior more likely. In flying training, such 
consequences are already well iitstitutiona'hzed and may be seen in the forni of grades of exams, 
verbal feedback .from an 'instructor Pilot (IP) on flying proficiency or. uUimately, promotion for 
superior performance. The purpose of a gix)d olllcer efncienc>{ report is to strengthen the behavior 
leading up to it, (The funciii)n of a negative evaluation as a punishcr wilr be described* in jhe 
next section.) There is httle ^i^\\\b{ that learning of almost any kind can W improved through the 
increased use of reinforcement for desirable behavior. 

Two clear cases in Hying training appear relevant here. Since so much ^'^^ the instruction of 
the undergraduate pilot ts carried out m a one^toone sctting vvjth the IP/the opportunity for 
increased reinforcement for correct behavior in the form o)' social approval is obvious. Informal 
i)bservations of IP^student interactions reveal a dearth of poS^tive feedback. While the research has 
not 'be>^n carried out with this subject population (Broden. Bruce. Mitchell, Carter, & Hall, 1970: 
Copeland, Brown. & l^all. 1974. Hall, Lun^, & Jackson, 1968), the implications seem obvious. 
Increased use of approval statements of a positive type (e.g., "Hey, that's great.'' ^'Very nice 
jiumeuver," "Nicely executed.") arc bound to improve not only learning, but also morale. ' Since " 
moM" IPs appear disinclined naturally to be a welispVmg of positive feedback, training to improve 
this forn^ of commumcaiion with students may , need to be added to Pilot Instructor Training. 

A, second example of the yse of reinforccqient can be seen in the way the simulators^ are 
used ^in- teaching. Aji experienced pilot can readily tell from the instruments and the view jVom 
the i:ockpit when a maneuver has been completed successfully; much \(kc at\ experienced pianist 
can tell when a piece has been played well. For the novice, such automatic feedback is absent, 
and for rapid learning to take place, it, needs to b^ supplemented in the early staged of learning/ 
The addition of counters, tones, or other stimuli w{i{th could be used to confirm correct 
pcrfori^ance ^could easUy be added to vthc simulated cockpit. * With th(f development of automated 
performance mccisur^ment (Waag, tddowcs, FuUer. & Fuller, 1975), (he feaiibility of having the 
computer continuously monitor knd score a student's flying skill seems apparent. ^ ^ 

Ihunishment. Any time a cpnsec*{^icnce ;s designed to follow a Ijiven bit of behavior such that 
the strength or probabilHy of the behavior occurring - in • the future is^red\iced, the process .Is 
referred to as punishment. Since there may well be numerous side effects (Azrin & Holz, Jb966) 
of using pumshment (e.g.. anxiety and fear may increast\ student may associate Icnrning of the 
t^sk with aversivencss. or student may learn to avoid the* source of the punislier), the use" of tliis 
pnjcedure is^not commonly recommended in educational setting? (Skinner/ 1968). UQwever» Wn 
flying training, tlic student may need to be made very aware of the natunil punishcr foi ■ poor 
attention to tlie dela>l5 of flying, viz, crashing. Thuy most .simulators are designed to provide this 
jcodback to student/ To-be mos't effective, simulators could prol^ably be designed to give negative 
feedback early" enougli to allow the student to correct any error. A "freeze^' function currently^ 
exijjts on Instrument Flight Simulators. In one sense,* this function resembles the use- of "Time-out 
from positive ^reinforcement" (usually referred to simply as T.O.) in the clinical literature (Bostow 
& B*vlcy=, 1969). -If flying the simulator is a reinforcing activity, then being in T.O. for *a short 
time upon erring in a flying task may well be an effective -^nanlsher that cou'Hd be- used more 
widely. (Note^ Tlris author could flnd, no published reports. 6 ri thc^ effects" of the freeze functibn 
in flying training, thus this analysis should be considered tent^Uive until such applied research has 
been carried out.) ^ . ' 



In advi^ncej insUuctKUTi, 5uch us in air-to^air or nir-(o -ground combat. It may be worthwhile 
to add leedback ol u more le^jlislic, but no doubt avcrsive nature. Failurd to "theck six'' could 
be programmetl rcMilt m a maliunction' that would simulate the planc'5 being, hit with enemy 
tlfe\ Tor example ■ ^ ^ * * - 

SliapiH)!: ^and Chtjinin^, Most good mslructo^ know that to keep their students interested, 
challenged, and mvolvcd'^ m- the task at hand, they need to continually raise (he criterion ior u 
good peilorn\anciv In hj?havior theory, this is known as ^"'shaping" (Kazdin, 1^75) and as with the 

Jatter two pruvciplcs, examples toi usage wiih^ IPs. and in adaptive simulators may be easily seen, 
l.xpectn\g \xi\ undergraduate pUi)l to complete an jnstrumcnt approach correctly on -the first ^ry 

Mwwy well be setting the standard too high. In reinforcing approximations to the final performance, 
the'*.gcH>d IP will no doubt have a student reach the final criterfon more quickly> As tlte student 
progresses, the criterion can be raised so that only progressive jmpYovep^ent in performance rales 
an approval . , . 

Siifliulatorsr could be computet^ |)rogrammed so as to present t'asks to students so that ihey 
vyould gradually take o^i an increasing number of the piloting function^ In taking off, for 
(Example, the student* might mitiairy only have to contrpl the throttle but on successive yikeoffs 
might be required to nianipUibtc the stick to control pitch. Later, the student would also 
be required to adjust the trim k)\ the elevators, retract the. flaps; and so on. When a^ perfect 
takeoll could F>e executed, the student would be required to cope with gradually more difficult 
crosswinds and various emergency conditions. Programming ^ simulator to require a progressive 
increase in behavior does not seeni at all unfeasible and would probably gfeady reduce the time 
required to master niamy skills. 

Mai\y behaviors in fiying consist of sequowes oi responses, where early responses must occur 
tn a certa)/ii order (e.g., the overhead patiern) so that the final outcome (i.e., a safe landing) can 
J be aclii^ed. Analysed oehaviorally . it can be seen that only the last member of a chain is 
actujj^Uy reinforced. This means thai early members of the chain will usually not^ be learned ver>' 
readily, and ^their slow ac(.iui$il.ion may well retard the development of the rest of the chain of 
behavior. The nu)st direct solution, wliich is readily arranged in a simula'tor,^ Is to have the tpsJk 
design>ed so that only the last member bf the chain must be carried out to achieve the reinforcer. 
With t^ie ^O"" dive bi^mb -task, a pilot can* first be positioned so as to fly the final When tliis is' 
mastered, the rollin is added and so on until the whole task is completed (see Figure 1), 

fnunprirt^ and Fading, In the fnltial stages of learnjjng, >lew behaviors are weak and may not 
readily occur when they sliould ' At theje times, it may be advisable to add stimuli to help 
imtijfte a response ' such events afe c:alled prompts (e.g.. Van Hout6n & Sullivan, 1975), As^ a 
general rule, once a behavior begins .to occur regularly when the prompt is given; the prompt will 
be faded. This use of extra stimuli to cue behavior thkt can stand alone imdcr naturally occurring 
environmental stimuli seems readily applicable (b flying trainitig. For example, in the overhead 
pattern, the student mast know when' to put the speed brakes down, when to extend the landing 
gear, and when to lower the fiaps. A sinrtulator could , easily be adapted to ^rue -these responses at 
the proper time, and when they are occurring appropriately, the cues could be faded. Similar usage 
of proriipting and fading cues could be comblr\ed with sliapitxg (as in training tJie takeofQ to 
provide a powerful combination of "behavioral techniques to guarantee the rapid acquisition of 
ct^n^plex tasks. ' 

Discrimination and Siimtdus ControL It is most desirable for pilots to constantly respond to 
their envirorunent so that they cati make ^ the necessl^y adjustments to keep their plaixc safely 
aloft; A pilot who responds appropriately to changes in tJio environment is said to be under 
stimulus' control, -and tliis fonn of responding is cleariy a goal of flying training. The student pilot 
. rnu5t learn to discriminate Uic various wind conditions and to deve(op appropriate responses^ ^to 
t?icm. For' example, stimulus control is gained as the student has repeated exposure to instaitces of 
the stimuli Involved, and these are leadUy pragrnmmed in a simulator. Learning to cope with an 





Figure L Backward chaining of 30'' dive bomb task. 

, . cnglnii failure is . safely acWeved \x\ a simulator, and clearly, a jrtudent who Im had several 

instances in-nvMth to detect iWs malfunction will be better able to rcspone in an emergency: 
■ ^ Students also need t5 detect changes in wind direction and visibility and to talce the necesspry - 
action. Both conditions can be programmed in a simulator and. very (Ine discriminations if both 
could be taught uslng^ systematic stimilTus. presentation tcclmlques. ' . • 

Stimulus control is also important In advanced lrainii\g when a pilov must spot a target ^ 
quickly and respond appropriately. Repeatedly confronting the pilot with a variety o( targets and 
^ .gradually requiring shorter and shorter reaction times could improve the acquisition of-couiplex 

mantsuvors, sucli as the p^)p-up which is employed in alr-to^ground combat. Arranging for - 
. simulation of enemy aircraft to ^occasionally appear while .pilots are flying formation should also 
aid in the development of good visual discrimination. 

Generalization. Onc<5 a behavior has been strengthened In one environment there is a 
likelihood that it will occur^in similar environments; the more similar the environment, the ^lore 
likely the behavior is to occur. It Is, of course, this form of stimulus generalization that has 
/ - motivated tngineersjo make the. simulator as" much like the plane as possible. It is important to * 

^ ' note that in human factors work, when Q^e goal of stimulus gener^i^.atlon is sought, the effects 
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ot increased sinitlnniy hetweeti The sifftmlator wid ihe irircoifl nujst be measured by looking at 
chunges i\\ behavior, and the costs o\ increased Hdelity mu5t be weighed ag<ilr^3t the ^oneflts. 
Addmg niJiuVrtv lu! exaniple, to snwjlatof with^ a wraparound visual Held may not, actually 
enhance pcrt'orni^^ce m the la^gH.^ afl^crttH (Martin & Waag. 1978) and furthermore, the 
sophisticated hydamhc systetns necemry vV^^ motion are costly. Research to discover .how much 
visual HeW n^ay b^^ required to allow a sftnulator to be used in certain maneuvers, such as carrier 
landings (Petry. rJ7cS). also demonstrated the importance of stimulus* gcneraJi/atlon In flying 
training^ ^ '^-^ 

Wlien a response is strengthened and iVs then increases the jproteabllUy of shnUar responses 
occurrmg, responses generalization has been s»d to have taken place. Learning a certain sequence 
oi .behaviors verbally (e.g ; takeolT procedures! shC>uld lead to their actually boing ncrlormed at a 
later tune, Pruoticing vtsual-motoi tracking ims coUld increase the ability to mftce the fine 
ad)usii!iei\is \n the stick necessary to maiutJm^^\)per attitude. Indeed, mentally rehearsing a 
certain maneuver (Pratlier. 1^78) may well improve th6 pcrforrnance o( critical (lying skills. 

\ 

IV. I I YINC; TRAININ(AAND SIMULATORS 

Learning to Hy an aircraft is unicjue m that inadequate preparation ' for the task can l<^ad to 
more than.. a fJillng grade. It is perhaps^ the literal i||e or death nature "^oT, the consequences that 
has led, and nghtly so. lo conservative 5tri(Ugies foi^training. Rather than risk loss than perfect 
transter ot training, the aircraft itself has been prcferwrd over the use of modern day simulators 
tin t^^achrng Hying skills. However, economic tohtif|eencies and fuel, shortafrs have become 
translated int(t a guideline from the Office of Managermnt and Budget to reduce Hying hours by 
1"^% by 1*^81 (e\)mnHttee ■ on the Armed Services, 1976^ Presumably, the only reasonable way to ' 
mo<,M this goal and still maintain liigh standards of ^ afciy *is to er>iploy sinuilatcifS whenever 
possible m the iraming process. Sinmlators have come a uW way since th(; pioneering work oT Ed . * 

bnk on his "pilot maker" in h>29. The development of H\e fulLmTsJltion simulator that is capable, 
^potentially, of almost exactly duplicating every featinrc ofhn operational aircralVhas been recv^nt - 
indeed (Hagin & Smith, 1^74). While engineering tcchnofDgy and computer scfenc^ liaye made 
great strides in providing for fidelity of visual (Nass. ■ Se\t6. & Albery. 1975), motion (Krxjn, 
r)75^i), and handling characteristics (Kron, r>75b), few advarlrcs in exploring the. use of a modern 
day simulator as an ideal teaching device have been niado MCai^, r977a). In the hands of an 
expeuenccd ^ilot. there is a natural, tendency to use a simulator nuK:h like t^ie aircraft woulfl be ^ 
used, thus overlookmg the fact that the aircraft itself is ceiilrtinly a less than perfect setting' for 
maximizing the acquisition of skills required to fly a plane.' Safety requires the IP to put proper 
maneuvering above analj||jfig tht instructional .process and ih^ stress lnvolv&(fbN:orrecting student ' : 

errors^may result, in less than optimal' forms of feedback. Sinco the coc)$^^lt is 'operational and the ■ 
mstrunAts require constant monitoring to maintain^ proper uittltudc, the student may be llisily 
overloaded with information Mn the early stages on instruation and be unabJ^ to progress as' 
sysjematically as would be desirable. No opportunity to practice a paiticulaii^part of a nijineuver in lhc 
aircraft is feasibt^, even though it would perhaps be most desirable frr>m a learntngpoint of view. 



V. "^THE DESIGN OF SIMULA TOlRS 

. Hist^>rically, cn^neers arul pilots have . been principaH/ resfonsbile the design of 

simulators, and^.u sliould come as nb surprise that fidelity Uf imitate tht^' aircraft has been the 
primary goal uf the development effort (Cjfro, 1977b). Any potion that , psychological fidelity Is 
the real goal has been ignored, and tlie -proposition that simulajors should be designed primarily as 
training devices Is visually unheard-of in sltnubtor design circles (Caro, 1977b). * * 



Current advanced simulators are equipptM with certain training **features'* thai are presumed 
10 faciliiate the acquisition oi flying skills (Hughes, l^>78, 4^)7*^: Isloy & MUler, 1^76), \n some 
cases, the lealures are simple hardware applications (pn^gnimmcd* malfunctions, har.d copy printout); 
11^ others, these features merely tnlnuc what ah^ instructor might do (ai>toiuatlc briefing. Oheckride, 
arro demonstration). Only a few of (he features would appear to approach the potential of a 
sophistn;ated record/playbaJk or of adaptive trairung, and in nQ case liavtj the feature^ been 
adequately evaluated (vlsley & Miller, 1^)76). liven their limited u&age is based upon an ujivalidated 
model ol behitvior tJiange. Tins practice of designing simulator ''training'' features on the model of 
' the instructor has, no doubt, severely retarded the development of a nuxlel of flying training. An 
alternative model woujd empjmsize the skills to be acquired and surest more effective ways of 
.training tba^ed upon a ^ task analysis. From this ^odel sliould (low . implications for the training 
features and procedures and research to evaluate thcf^i prior to their incorporation in.tht training 
syllabus or. instuUiniion in future training simulatani, • 

. The lack ul appreciation foi the role of the simulator as a teai^lting device is understaiiH**hlc 
m light ol the relatively recent emergence of a behaAriorally based technology of teaeliing^ and the 
Aiact that psychologists speciah/ing in tlae learrTing i^^ycess have not been involved ii\^ the design' 
phases ol simulator development. Tins oversight, upon .investigation, is directly traceable to the 
conspicuous absence oil any substaniial body oi kiu)wledge demonstrating how the principles of 
learning can be ased|^ t(^ nuprt)ve simulator deployment. How the significant body of relevant*" 
Research m applied behavior analysis could Jiave escaped the attention of (hose uivolved in 
simulates research is dilficult to explain. Tlie need for correction of llii^^laring deficit is greater 
jhan can be !net in one paper, but a start needs to be made. 



^ ^y, VI. BtHAVlORAL/TASK ANALYSIS OF I LYING TRAINING^ 

A NKW MODEL FOR SIMULATOR DESIGN 

Any task which can be readily observed t!an be analy:ted behaviorally . Flying a sophisticated 
*jet aircraft, alth"l>ugh admittedly a diffic^ult task, is not different in principle from carrying out any 
othef*^ complex sequence of behaviors. Viewed in the abstract, it may be seen as a set of rapid, 
co^ftinuous. line-motor responses to h multiplicity of visual and proprioceptive cues fiom both 
inside and outside the aircraft. What makes the task unusual is that decisions and responses must 
be made so irtpidly and tlawlessly, since either a delayed response or an incprrect judgment could 
be latal. It is this hitter element, no doubt, thai puts such stress on the pilot and which probably 
makes acquisition of the motor skills \1\ the aircTaft jitself so labile. 

A behavioral analysis of Hying, then, would begin with a micro analysis of the ^^asksl^o be 
acquired (Meyer. Laveson. Weissman, & Uddowcs. 1974) and would then proceed to determine 
how each task could be simpUned Tor purpose of instruction. This general approach is already 
used in so-i:alled *'part task'' trainers, such as the T-4, where students learn to respond to the 
instalment 'panel before they spend- any time in the ackial aircraft. The Aii Force has also 
recognised the contribution of cognitive prct raining in facilitating the acquisition of flying skills 
(Sruith. Waters. & lidwards, 1975) wliich is clearly a method of simplifying a task by presenting 
certa'in of the ma^rerials in a different format -and in a different point in.Jime from the rest of 
the task. With slrriplincalion of the fusk as the goal for any bcljaviorul analysis, one may begin to 
^ ask how a task can be broken down. 

Can^Myncni Analysis, One way - of analyzing a complex task to look at the comgijnents 
wlrich make up the whole task and to deterflune how they can be jaught more efficiently (Meyer 
ct al., 1974), landing ai plane, for example, requires thai the student be able to fly 
straight-and-lcvcK do steep turns, fly 4 gradual descent, all the while .keeping the airspeed prp[>erly 
adtu;vted, correcting for crosswtnds, and so on., (fn the operational aircraft, these behaviors must be 
performed concurrently, wherCas^ln the simulator they could theoretically bt preserited as separate 
tasks and then later 'be required as more md more comj^x^Qoncurrent operants.) 



Cmin or Sequence Analysis.- Anothoi way of analyzing « Hying task Is to view It as a-chMn 
of behavior. In thhj con«©t>tuaUzation, the pilot must execute ». sequence of behaviors In a certain 
order (the overhead pattern Is also an excellent ^xan^ple^f this). With long clialns, acquisition of 
the task is fre^iuently difficult because the early rrT^Ti?^ or components of the chain are so far 
removed from the relnforcer. Such chains of behavior can bo simplified, and therefore presumably- 
taught more effljrtently. if they are presented In a backward sequence. 

Dinmuhn of Difficulty Analysis. Still another way to analyze a difficult task Is to 
determine the dimen^ns which arc responsible for making it difficult.^ Some sklUs' may be hard 
to acquire because they require too rapid mdtor responses (time dimension). In such cases, a 
capability forVcrfohnlng a'task (e.g.. straflng oV formation flying)' initially In slow motldf might 
aUow the student/^ master' the tm^tor skills first and thbn be required to perform thclflsk at 
faster, and fastor^ speed until normal' operational velocities are reached. (It sliould be clear that a 
simulator Is the only feasible devfcc for such training to take place and that such a use of t^c 
simulator represents a potentially important feature wWch is independent of the fidelity of Its 
motion or visual s^ystenrr)''^ • ' ' 

Size becomes an important dimension when one considers tasks such as bombing or strafing 
svhere a larger or more salient target is C5rl3^M^ to hrinUlally. Thus, the simulated visual scene 
ctnMd^bc programmed to have large targets readily discernible from the background. Thes^ targets 
would be used eaHy in a bombing training task, and as the stMdent gained pronclcncy, the targets 
could be automatically made smaller and more difficult tp spot. Presumably a similar' strategy 
could be used In simplifying any task that requires a motor response, to^ome small segment of 
the visual environment (e.g., aerial delivery of cargo or In-fUght refueling). --^ ' 

Augmented Feedback. StlU another way to simpUfy a task for purposes of Instruction Is to 
determine if judgmental aids might be developed^ to Improve performance. Such aids can be used 
to enhance a feature of the environment, suclv as height and distance from the runway, as with 
visual approach slope indicator (VASI) that permits a more ra^ acquisition of landing. A slmUai 
device for Carrier landings (the so-caUed VmeatbaU") and another ald.^r improving bombing 
.(Hughes, Paulsen, Brooks, & Jones, 1978) illustrate ^jc notion of proving additional cues to 
pilots to improve performance. 

Summary of Behavioral /Task Analysis Model. Tliis brief introduction to the behavioraf/task 
analysis model .should serve as a clear contract to the current deployment of simulators. Designing 
a simulator atxjund a model of an instructor pilot who feels most comfortable teiicliing in an 
actual plan? is destined to be replaced with a model based on an analysis of the tasks to be 
taught. A sophisticated Ijchavlor/task analysis employing research which shows how tasks " can be 
broken irvto components, the components ordered sequenUaUy, and the dimensions of dlfticulty 
adjusted so that acquisition of a skiU proceeds ^imoothly and quickly seems In keeping with ,the 
current state-of-the-art' in computer-generated visual systems and other recent ehgbieering 
, developmcuts, 

ft 

A 

Vn. APPLICATION OF THE MODEL: A PREVIEW 



■>! >P0 ^Uul^rate the application of the behavioral/task anoTysis mdSel. a Ivypothetlcal case will be 
' givenX Learning to land an ijircraft \s clearly one of the most dlfTicuU tasks for a .new pilot to 

mastcrYEddowes St Kip'g, 1975) and provides an excellent example ,of how the model might be 

employCT. •]'.. 

^ 'Die overheatl pattern is a really example of a cliain of behaviors consisting of the ini-tial 
approach, downwind leg, final turn, and tlhal approach. The model would suggest that trabiing on 
lh« last segment would -ba m'osl fmltful. The first; step would be to determine the behavioral 
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components of the Aiml appiacli ami vvouUi use cot^nilivc prelruining where Icusiblc u> prepaio tlu* 
student lor each coniponenr The stiulent nuisl be uhlc lo adjust tite spx^ed brakes, cunirol pitch 
^lttl^ude, and «d)usl the tlwoulo^i, loi vxan\pk\ in the roundoiit phase ol the final appfoach. 1 he 
suuulator would be programmed io recpiiie thai the student take responsibility 1\h each ol Ihcsc 
concurient behaviois in son^e specillc order. Smnhuly, the compt>nenis oT the touchdoNv^r and the 
landing loll would be presented to the student in a graduated inaiinei . When all ol the commnetits had 
been acquired, the :;tmu!atoi wcuild be positioned *\>n linal" and the student required l6 conqTlete 
jhis portuwi of the overhead patlein to criterion. . (The tiaining to this |x>int wuoKI be highly 
indivuluah/ed m terms ol time lo criterion, although all students would gt>'thiough training in the 
san>e order.) This approach oT teaching the last part of the overhead pattern Ihst, not only allovvs 
the student lo Experience the immediate reinfoKcnient (a safe laiidlrig), but also provides 
oWrkaimng of liiat part o! the task which is nu>si dilTicult. When the finah can be e.\ecuted Xv 
crueiion. the HiUil turn vvould be added to the chain. Here again, the components of thi\ segnienl 
would be presented, via preprt>grammed exercises in the sinuilatoi, until the student could \:xecute 
all ot them successfully (trimming, slowing aiispeed, collecting foi wind conditions, etc.). At this 
pomi, the student would be posiru>ned jusl at the beginmn^i of the Pinal turn and would theil lly 
the lest ot' the pattern. \o lucjlitate the acquisition oj^^ese two components, ^ho sinuilalor w()uld 
be adiu^;ted so that ihey could be llown - initially in slow motion. With each sucec^iiful executioiK 
the simulatcn wotlid pn>grani faster speeds until normal operai'K)iuil speeds vvere reached. In 
addition, an extra wide runwav could be providetl on the first lew tries, and it would gradually be 
nude nairowcr and narrowei on Oach pasK until the normal width was rpached. Next, the 
downwind leg would be added, and so on, working backward, while naming the components and 
adjusJting the dimensions of diiTicuIty al each stage. 

This 'approach lo teaching n task to a new student could be progrannned ' into an> advanced 
simulator without any additional hardvvarc being required, and alihoj/gh the process may st)und 
lengthy, U would -actually take less time than is iu>rmally. /ec|uired to learn a task, l urihernu^re, 
the backward cfiain allows a student to gain immediate /)t>sitive feedback for a correct 
periormance whicti should contribute to rapid acquisition of the skill. 

VIU, CONCIAJSIONS AND RFC OMMINDATIONS 

The purpose of \hc above disciission has been to lay out the basic rramcwctrk o\ the 
behavior analysis app<x>ach and to suggest ways that the principles of behavior might be applied to 
flying . training. Since there is little debate that Hying is an acquired skilK one may inmicdialely 
begin to ask what principles of behavior relate \\\\)s\ directly io the aQquisttion of the repertoire. 
Clearly there is a great deal of research to be done inasmuch as the foundation^ha^ yet io be 
laid, Tlie fotlow\ng very basic questions have yet lo be asked, ^hat teaching techniciues does an 
IP use to improve learning? How best can the hjnctiv>ns currently found on most modern 
siniulatyitr bo ^uscd*.^ How should the ^Treo/e*' be used? Sln)uld it- be used as a time-out or should 
the student be allowed to initiate the frec/.e mode to allow a -momentary reduction in iidbrmalion 
overload*^ When should replay be employed and docs it really enhance learning? Mow might 
individualized instruction techniques be used >o accelerate learning? 

In the larger r-ealm of simulator design, not even the simplest questions have yet' been 
considered. What a/c the elTects of automated adaptive instruction on the acquisition of Hying 
skills? How may the components of each task be analyzed, and what is the best sequence Cor 
teaching them? pfow might immediate automatic feedbacks from the computer jjc used tt) enhance 
learning and Increase motivation? What visual aids could be developed to facilitate the acquisition 
of ctMUplex flying repertoires? How are these' promptsl*hest faded from the environment? Wow 
might . the. special charactcrlsllcs "of the simujalor, sudr as^^-llying in slow motion, enlhrging parts ol 
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the .vtsMl !icene, and giving control of many operations to the computer, bo used to speed up 
Hying triiinlng while reducing errors and Improving gcnerali/ution to the olrcrafi? 

The prospect ot entering this ne^' era ot slniuUitor rCfiCuroh is exciting and the payolT to 
both the Held oi psychology uji well a$ the Air Force sli6uld be great indeed. 
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